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METHOD FOR PARALLEL SEARCHING A LOOK-UP TABLE 
BACKGROUND OF THE INVENTION 
Technical Field of the Invention 

The present invention relates in general to methods for looking up values stored in 
a table and, in particular, to a method for searching values stored in a table by breaking the 
5 table into subtables. 

Description of Related Art 

The present invention is a method for looking up values in a table. However, 
because it is difficult to discuss the method of the present invention without a framework, 
the following description of related art focuses on ATM networks and VPI/ VCI look-u p 
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tables. It should be noted that the present invention may be ap plied to lookin g up other 
val ues in an ATM or oth ern gtwork s such as, for example, EP or peer-to-peer networks. 

An ATM network is composed of nodes, interfaces, links, and virtual resources, just 
like other network schemes. There are two types of ATM nodes: netw ork nodes and 

□ 5 customer premise nodes. Network nodes are located inside an ATM network, while 

C ~ ~~ 

^ customer premise nodes are located at the peripheries of an ATM network. Network nodes 

y3 

rj t connect to each other or to customer premise nodes. Customer premise nodes connect to 

£Q network nodes, to user interfaces, or to other types of networks. 

2 

\a Nodes perform the switching and/or data transport functions within an ATM 

□ 

rU 1 0 network. A data interface, or "switch," is located within each network or customer premise 



node. On network nodes, this interface is called the network node interface((NNI)) and on 
customer premise nodes this interface is called the user network interfacetUM^ UNIs are 
responsible for transferring data, while NNIs are responsible for both transferring data and 
providing ^ si gnaling procedures to operate and control the ATM network. 
1 5 The NNI and UNI are connected to each other by physical links such as coaxial 

cables. The physical links are then electronically subdivided into virtual paths and virtual^ 
channels. Each physical link can carry multiple virtual paths, and each virtual path can carry 



2 
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multiple virtual channels. In fact, up to 2^6jyirtuaLpaths can be defined for each physical 
link, and up to 65,536j/irtual^^ can be defined within each virtual path. 

Each virtual path and each virtual channel can be identified by a specific number. 
For the virtual path, this number is called the virtual path identifier (VPI); for the virtual 
5 channel, this number is called the virtual channel identifier (VCI). When combined, the 
VP WCI numeric identifier points to one and only one virtual channel in one and only one 
virtual path connected to a particular node. Though unique for a particula r node, t he 
VPI/VCI identifier may be used a second (or third, or fourth, etc.) time for otherjion- 
interconnected nodes within the same ATM network. 

1 0 The virtual channels in virtual paths on physical links are used to carry segments of 

user data called cells. Each cell contains a header section and a payload section. The entire 
cell can carry 53 bytes of information, with the header section carrying 5 bytes of 
information and the payload section carrying 48 bytes of information. Large blocks of user 
data are broken down to fit into the data-carrying area of the cell, but the payload section 

15 is 48 bytes long, even if the information carried within the payload section takes less than 
48 bytes of space. 
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The header section carries all the instructions a cell needs to travel from its 
origination location to its destination location. The instructions include, for example, data 
flow and data transfer information. The instructions alsojdeu^ 

which virtual channeljhe jcell must use w hen travelingfrom one node to an other- i.e., the 
header S tores VPI/VCI information ) 

An ATM cell travels between nodes of an ATM network using a technique called 
label swapping. Because of timing, traffic, or congestion, when a cell chan ges_phYsicaUinks 
atnodss, the cell ma y also have to cha nge virtual cha nnels.andZojLyiduaLpaths. If there is 
a change in the virtual channel and/or virtual path, the cell's VPI and/or VCI must also be 
changed so that the cell's VPI and VCI identify the correct virtual path and/or virtual 
channel carrying the cell. 

To change the VPI/VCI stored in a cell, thr ee sets of VPI/VC Is must be used: the 
actual incoming Vpi/vci stored in the celL a £ abulated7incomin g VPI/VCI stored in the 
node's m emory , and an outgoing VPI/ VCI stored in the node's memory and associated with 
the tabulated incoming VPI/VCl! :: ^When a switch is first initialized, a table is generated 
containing all the possible incoming VPI/VCIs and all the possible outgoing VPI/VCIs. 
V^Further, each tabulated incoming VPI/VCI is matched with an outgoing VPI/VCI. This 
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table is stored in the node's memory. When a cell containing an actual incoming VPI/VCI 
arrives at the node, the actual incoming VPI/ VCI i s matched with_a tabulated, incoming 
VPI/VCI and a set of actions are performed related to the actual incoming VPI/VCI. The 
actions include, but are not limited to, swapping the actual incoming VPI/VCI with the 



There are three general methods of looking up the actual inc oming VPI/VCL _ 
matching, and then performing a set of actions related to the actual incoming VPI/VCL The 
first method u ses the incomin R VPI/VCI itself t o address the table. Here, the VPI/VCI is 
entered into a function that maps the 28 bit value tp a smaller valu_e, with the value being_ 
smaller than2g. Thejabl^thejLhas_2ILentriss. Alternatively, the 2,8_bit_Yalue_can be.sphj 
into two or more values which are then used to address different tables.. 



The second prior art way of looking up the actual incoming VPI/VCI, matching, and 
then performing an action related to the incoming VPI/VCI (such as replacing it with an 
outgoing VPI/VCI) is to simply se arch the entire VPI/VCI ta ble. Here, the actual incoming 
VPI/VCI is compared with various tabulated incoming VPI/VCI values in the table. When 
the incoming VPI/VCI matches a tabulated incoming VPI/VCI in the table, an algorithm is 
used to perform an action including, but not limited to, swapping the incoming VPI/VCI 



outgoin g VP I/VCI associated with the tabulated incoming! 
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with an outgoing VPI/VCI, erasing the incoming VPI/VCI, or counting the incoming or 
outgoing VPI/VCI. 

A significant problem with the above-described methods is that they work well when 
web traffic is slow. However, the methods limit the number of cells passing through a 
switch if traffic increases. This is so because a switch has only a limited time-the time it 
takes for the switch to process the cell-to look up an outgoing VCI/VPI and perform the 
action needed to be performed. As_the number _o fLcjells. passing through the switch 
increases, the number of tabulated and^utgoi^ thereby making 

the table larger and larger. The increased number of cells also increases th^umbjgrQfjeo^ 
_y)spertim§ period for both the existing table look-up methods described above. The larger 
table and the greater number of look-ups all decrease the available time for matching the 
incoming VPI/VCI with the outgoing VPI/VCI. Thus, the time it takes to look up a 
corresponding VPI/VCI can bottleneck at the node. 

A third way for searching a numeric table solves the bottleneck problem but, at the 
same time, creates problems for other computing power related issues. The third way for 
searching table entries compares all the values in the table with the search term 
simultaneously. Since all the values in the table must be compared at the same time, this 
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third method requires a great deal of hardware/processing power. The hardware/processing 
power requirement then increases the cost of the ATM switch. Thus, a new method is 
needed to read a value in a table without increasing the hardware/processing power of the 
switch and will not be restricted by the amount of traffic at the switch. 
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SUMMARY OF THE INVENTION 

A technical advantage of the present method is that the method reduces the time 
needed to look up values in a table or the amount of simultaneous look-ups. 

Another technical advantage of the present method is that the method can increase 
the number of cells passing through a switch for a given time period and/or speeds up data 
transfer. 

Another technical advantage of the present method is that the method allows for 
faster searching of a table without having to increase the hardware/processing power. 

The present invention is a method for parallel searching for data stored in a table. 
The present invention searches_the_entire table b y first breakin g the larger table into, a 
plurality of smaller subtables . The^tin^ j^rifid, needed by the switch to p rocess a cell 
determines the number of subtables needed. Thus.Jh enumb er_of.subtablesjc an chan g e as 
the traffic flow per swi tch dhanges. 

On ce the o riginal table has been subdivided into subtables, all the subtables are 
searched simultaneously. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the method and apparatus of the present 
invention may be had by reference to the following detailed description when taken in 
conjunction with the accompanying drawings herein: 

FIGURE 1 is a graphical representation of an ATM data cell; 

FIGURE 2 is a portion of an ATM network; 

FIGURE 3 is a pictorial representation of the prior art method of searching a 
VPI/VCI routing table; and 

FIGURE 4 is a pictorial representation of the present invention using parallel 
subtable searching techniques. 



700270v 1, 34651.00404USPT 



9 



Patent Application 
Docket #34651-00404USPT 
EED98179 



DETAILED DESCRIPTION OF THE DRAWINGS 

The following is a detailed description of the present invention, a method to look 
up values in a table by first breaking the table into subtables. Though the present invention 
may be applied to any operation where looking up values in a table is required, for 
illustrative purposes, the description below f ocuses on lookin g u p VPIs and VC Is_in an 
ATM networks It should be understood that the present invention may be used to look up 
other values in ATM or any other type of network including, but not limited to, IP or peer- 
to-peer networks. 

FIGURE 1 is a pictorial representation of an ATM cell 10, used to transfer data in 
an ATM network. Cell 10 can be further subdivided into a header subsection 1 1 and a 
payload subsection 12. Cell 10 can store 53 bytes of information, with header 1 1 storing 
five bytes and payload 12 storing 48 bytes. 

Header 1 1 contains locations for storing seven different pieces of information. The 
gen eric flow control (GFC ) location 13 is found at the beginning of header 1 1 . The GFC 
location can store four bits of information. The GFC is optional, and if not used, the 4 bits 
may be used by the VPL The VPI location 1 4 is found next to the GFC location 1 3 and can 



700270 v 1 , 3465 1 00404USPT 



10 



* t I 



Patent Application 
Docket #34651-00404USPT 
EED98179 



store eight bits of information; the VCI 15 location is found next to the VPI location 14, 
and can store sixteen bits of information. The payload type (PT) location 1 6 can store two 
bits of information and is found next to the VCI location 15. One bit of reserved space 1 7 
is found next to the PT location 16. The cell loss priority (CLP) location 1 8 also stores one 
5 bit of information and is found next to the reserved space 17 location. The header error 
check (HEC) location 1 9 is found next to the CLP location 18. HEC 1 9 can store eight bits 
of information and is the final element in header 1 1 . 

FU Payload 12 is found behind header 1 1 . The data 20 transmitted by cell 1 0 is stored 

05 

^ B in the 48 bytes in payload 12. 

i — 

10 FIGURE 2 shows a plurality of nodes within a partial ATM network 30. It should 

] be understood that the configuration and connections between the nodes in FIGURE 2 are 

used here as an example only. The nodes within actual ATM networks may be simpler or 
more complex than that shown in FIGURE 2. 

Partial ATM network 30 is composed of nodes 3 1, 32, 33, and 34. A virtual path 
15 35 connects node 3 1 to node 32. A virtual path 36 connects node 32 to node 33. A virtual 
path 37 connects node 32 to node 34. While FIGURE 2 depicts only one virtual path 
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connecting the various nodes to each other, it should be understood that a plurality of 
virtual paths may exist between any two nodes of an ATM network. 

A plurality of virtual channels can exist within each virtual path. However, for 
illustrative purposes, FIGURE 2 only shows a limited number of virtual channels within 

y 5 each virtual path. In FIGURE 2, virtual channels 38 and 39 are located within virtual path 

yj 

~2 35, virtual channel 40 is located within virtual path 36, and virtual channel 41 is located 

CO 

SJ within virtual path 37. 

fU 

OS A switch is located at each ATM node. FIGURE 2 shows switch 42 located at node 



□ 

est s 



31, switch 43 located at node 32, switch 44 located at node 33, and switch 45 located at 
10 node 34. Switches 42, 43, 44, and 45 ensure cell 1 0 is transmitted from its origination node 
(not shown) to its destination node (not shown) by being properly routed from one virtual 
pat h and/or v irt,ual.channel.tQ.another virtual path and/or virtual channel between the nodes. 



n . * When a connectionfor_transmitting data js established betwe en an ori g ination node 

^ (not shown) and a des tination nod e (not shown), ^ach.n o_de\n the pathwa y the data is to_ 

y ^15 trave l js identified, alon g with|e^lrviftuarchannel"E^ each virtual path i Since the data may 
O travel on different virtual paths and different virtual channels between nodes, each nod ^ 

contains a table 46 (FIGURE 3) in its memor y that matches,.the ^ V PLand VCIjrf the 
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incoming cell ,10 with an outgo ing VPI and VCI an d/or other related data. The table 46 is 
set up when the switch is first initialized. 

It should be noted that table 46 may have separate sections within the larger table 
for VPI and VCI or may be one table storing a combined VPI/VCI pair. For illustrative 

4f 5 purposes only, the following description of both the prior art method and the present 

51 

~k invention assumes the numbers are stored in the table as a combined VPI/VCI pair. It 



should be understood, however, that the present invention may also be used when the VPI 

0j and the VCI are lookedjii^sgparately. 

= 

When cell 10 travels from node 3 1 to node 33, cell 10 is first assigned a VPI and a 
Jj 10 VCI. As an example, cell 10 has a VPI of number "35" and a VCI of number "38," each 
corresponding with the virtual path and virtual channel cell 10 is to travel. The VPI 
identifier "35" is stored in VPI memory location 14, and the VCI identifier "38" is stored 
in VCI memory location 15. Cell 10 is then sent from node 3 1 to node 32 on virtual path 
35 and virtual channel 38. Node 32 recognizes the VPI identifier "35" and the VCI 
1 5 identifier "38" as an incoming VPI/VCI pair. 

In or der fo rcell 10jo_pass.from.nade_32 tfljode_3 3, there must be a cha ngejn 
virtual path as well as a change in virtual channel. FIGURE 2 shows the virtual path 
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changes from 35 to 36, and the virtual channel changes from 38 to 40. ^Node 32 reads the 
incoming VPI/ VCI, matches the incoming VP I/VCI with an outgoing VP I/VCI within node 
32 5 s memory, and swaps the incoming VPI/VCI in VPI memory location 14 and VCI 
memory location 1 5 with the matching VPWCI~| 
n 5 FIGURE 3 shows a prior art method of reading an actual incoming VPI/VCI, 

gn matching the actual incoming VP I/VCI with a tabulated incoming VPI/VCI stored in node 

2 

a 32' s memory, locating the outgoing VPI/VCI associated with the tabulated incoming 

TU VPI/VCI, and performing a number of functions related to the outgoing VPI/VCI, 

99 

including, but not limited to, replacing the actual incoming VPI/VCI in VPI memory 
10 location 14 and VCI memory location 15 with the outgoing VPI/VCL It should be 
understood that the prior art method described below is used as an example only and thus 
the exact method for reading, comparing, and swapping the VPI/VCI information is 
unimportant so long as the tabulated incoming VPI/VCIs and their associated outgoing 
VPI/VCI are stored in one table. 
1 5 FIGURE 3 shows table 46 which contains tabulated incoming VPI/VCIs along with 

their associated outgoing VPI/VCIs. Table 46 may be stored as a matrix having / number 
of cell compartments. To initiate the comparing and swapping steps, counter 50 first 
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generates a number y, where j < i. The number j is then used as a pointer which points to 
a cell compartment in table 46, where a tabulated incoming VPI/VCI is stored along with 
its associated outgoing VPI/VCI. The tabulated incoming VPI/VCI at location j is then 
compared with the actual incoming VPI/VCI at comparator 51. If the tabulated incoming 
5 VPI/VCI d oes not match the actual incoming VPI/VCI, then j is changed to another 

r~ — 

number, for example j + 1, and a tabulated incoming VPI/VCI at location j ' + 1 is compared 
with the actual incoming VPI/VCI. This step is repeated until the actual incomin g^VRIZVCI 
matches a tabulated incoming VPT/VCI. When the tabulated incoming VPI/VCI matches 
the actual incoming VPI/VCI, then the outgoing VPI/VCI information associated with the 

10 tabulated incoming VPI/VCI is passed to match decoder/selector 52. At match 
decoder/selector 52, the outgoing VPI/VCI information inc eU ylisjaxapped with^or another 
predetermined action is performed) the actual jncoming.VPI/ VCI information so that VPI 
location 14 and VCI location 15 of cell 10 now stores the outgoing VPI/VCI. Cell 10 is 
then sent to node 33 on the virtual path and virtual channel identified by the outgoing VPI 

15 and VCI. 

FIGURE 4 is a pictorial representation of an embodiment of the present invention. 
Generally, the present invention is a method of breaking down a large table 60 containing 
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tabulated information into a plurality of subtables 61 having the same information and then 
searching through the plurality of subtables 61 to locate a specific piece of tabulated 
information. A detailed method for accomplishing the above method is disclosed below. 
It should be understood that the detailed method is disclosed as an example only and that 

5 various alternate methods can be used for reading a first piece of data, comparing this first 
piece of data with a second piece of data, and-if the first piece of data matches the second 
piece of data-performing a desired action, including, but not limited to, swapping, 
modifying, or removing the VPI/VCI information and/or swapping, modifying, or removing 
data sets associated with the VPI/VCL For ease of description, the following detailed 

1 0 description will discuss swapping the VPI/VCI only. It should be readily apparent to those 
skilled in the art that the present method can easily be modified to perform other actions 
such as modifying or removing VPI/VCI information or data sets associated with the 
information. 

As shown in FIGURE 4, table 60 is a matrix having n number of cell compartments, 
15 with each cell compartment storing a tabulated incoming VPI/VCI and its associated 
outgoing VPI/VCL Counter 62 generates a number P, where P < n. P is used as a pointer 
pointing to each cell compartment in table 60. As P points from the first cell compartment 
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in table 60 to the wth cell comp artment in table 60 T tabulated incomin g VPI/VCI and its 
a^ociatejoujgcjng^^ 1 through K. Each subtable 

is a matrix containing m number of cells for storing tabulated incoming VP I/VCIs and their 
associated outgoing VPI/VCIs. The number of subtables, K, is found using the following 
equation: 

t 

where / is the time it takes for a node, for example node 32, to process cell 1 0. The number 
m is determined using the following equation: 

n n 
x - — , where if the remainder of — is 0, then m -x\ 
K K 



n 

if the remainder of — is not 0, then m is the next larger integer to x 
K 



Note if— is a power of 2, for example 2 P , and Q bits are necessary to address K subtables, 
then all subtables can be addressed as one table with P+Q address bits. 
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K does not have to be recalculated for every cell 10 that passes through node 32. 
As can be seen above, K is inversely related to / so that K increases when / decrease Thus, 
the number of subtables should only be recalculated and jjiew set of s ubtables 61 bu ilt^, 
when the amount o f data transfer per time unit increas es above a preset criteria for a 
particular node. 

Once subtables 61 have been built, a second pointer, r, is g enerate d_whete_*L<_/£. 
Pointer r is 1 1 s^djgjdiTu^ within_eaglL-Subtable- 
1 through K. The tabulated incoming VPI/VCIs stored within each cell compartment of 
subtables 1 through ^(^i^imultaneously comparedjrith the actual incoming VPI/VCI at 



comparator 63 . The algorithm used to compare the tabulated incoming VP I/VCIs with the 
actual incoming VPI/VCI can be any algorithm known in the art of numeric comparison 
algorithms. If none of the tabulated incoming VPI/VCIs stored in cell compartments r of 
subtables 1 through K matches the actual incoming VPI/VCI, then r is changed to, for 
example r+1 , and the comparison_ prgcess is repeated . If, however, the tabulated incoming 
VPI/VCI in one of the cell compartments r of subtables 1 through K matches the actual 
incoming VPI/VCI, then the outgoing VPI/VCI associated with the matched tabulated 
incoming VPI/VCI is passed to match decoder/selector 64. At this point, counter 62 can, 
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but needs not be, stopped. Match decoder/selector 64 replaces the actual incoming 
VPI/VCI stored in VPI location 14 and VCI location 1 5 with the outgoing VPI/VCI and/or 
takes other specific actions related to the incoming VPI/VCI, such as modifying or 
removing the incoming VPI/VCI. T he algorithm used to swap the actual incoming 
5 VPI/VCI with the ou tgoing VPI/VC I may be any algorithm known in the art of number 
swapping algorithms. 

After swapping the actual incoming VPI and VCI with the outgoing VPI/VCI, cell 
10 is passed to node 33 on the virtual path and the virtual channel specified by the outgoing 
VPI and VCI. 

10 There may be cases in which it is acceptable that the probability for finding a 

matching entry is below 100%. If so, then only a portion of each subtable - for example. 
80% of each table - will be search ed. If the actual incoming VPI/VCI cannot be matched 
with a tabulated incoming VPI/VCI located within, for example, the 80% of the subtables, 
various other methods fo^ p rocessin g the c ell known i n the art can be used. For example, 

1 5 the actual VPI/VCI may be stored in computer memory and searched later in the 20% of 
each subtable not yet searched, when the amount of data transfer per frame unit decreases. 
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There may also be cases where cell processing time / changes but the number of 
subtables need not be recalculated. Sometimes, the cell processing time varies only by a 
small increment such as, for example, 2-3 time units. Rather than recalculating the 
subtables, the cell processing time / can be delayed (or additional delay removed) rather than 
having to recalculate the subtables. Note the method for splitting the table in subtables 
remains the same except / is selected so that either the subtables need not be recalculated 
or the splitting of the main table into subtables can be optimized. 

Although a preferred embodiment of the method and apparatus of the present 
invention has been illustrated in the accompanying Drawings and described in the foregoing 
Detailed Description, it will be understood that the invention is not limited to the 
embodiment disclosed, but is capable of numerous rearrangements, modifications and 
substitutions without departing from the spirit of the invention as set forth and defined by 
the following claims. 
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